objectives To analyze the relationship between the occurrence of dengue and ovitrap positivity and dengue egg density in two Amazonas municipalities (Brazil) in 2016.
Introduction
Dengue has been a public health challenge for both policy makers and medical researchers worldwide, including Brazil, producing recurrent large-scale epidemics. As in other regions of the country, dengue fever is an important public health threat in the State of Amazonas. Vector control with insecticides remains the most widely used method to reduce disease transmission, while new technologies, such as vaccines and biological control, are expected to be sufficiently developed [1] . However, identifying the presence of the vector in a given geographical area and its influence on the occurrence of dengue remains challenging and more accurate methods capable of detecting areas at risk of high transmission of the disease are needed.
In Brazil, Aedes aegypti surveillance is predominantly based on larval surveys, as defined by the Brazilian Ministry of Health (MoH) guidelines [2] . Because these surveys are too expensive to be carried out routinely and depend on aspects such as community health workers effort and experience and householder availability, the use of traps for monitoring Ae. aegypti population has been proposed as a feasible alternative [3] [4] [5] .
Ovitraps, i.e., the traps used for counting mosquito eggs for surveillance purposes, are useful. Although they do not measure adult densities directly, ovitraps predict these densities very well [6] . Ovitraps also are reported to be the most sensitive traps to detect Ae. aegypti presence, in addition to better measuring the seasonal variation in mosquito abundance [6] than other traps. Nevertheless, important gaps remain regarding the relationship between the local level of Ae. aegypti infestation and the risk of dengue, particularly if the difficulties in the local detection of the presence of the vector is considered [7] .
Studies that have assessed the relationship between vector infestation and the rate of dengue incidence have frequently failed to demonstrate this association. Scott and Morrison [8] argued that because of the spatial dependence of possible risk factors, such as the presence and density of Ae. aegypti, aetiological studies should consider the use of spatial procedures that consider this dependence. The authors point to the level of geographical aggregation as an important issue to be considered. Therefore, a study using spatial approaches that consider the distance of each individual from the source of infection may be more appropriate.
This study aims to analyze the relationship between the occurrence of dengue and the ovitrap positivity and egg density in two Amazonas municipalities in 2016.
Methods
Our study area is composed of two municipalities, Itacoatiara and Tabatinga, in We performed a cross-sectional study using secondary data from dengue fever surveillance system. Data on dengue cases were extracted from the Notifiable Diseases Information System (SINAN) provided by the Health Surveillance Foundation (FVS-AM) of the Health Department of the State of Amazonas. We included dengue cases recorded in SINAN between January 1, 2016 and December 31, 2016. Our study population included laboratory confirmed cases of dengue fever based on the criteria established by the Brazilian Ministry of Health in accordance with the WHO recommendations [2] . For comparison, two kinds of controls were considered in this study: (control 1) discarded cases of suspected dengue and (control 2) non-vector-borne infectious disease (i.e., reported cases of tuberculosis, leprosy and hepatitis). No previous number of controls for each case was defined. The final number of controls was based on the availability of records that met the eligibility criteria. The residential addresses of all participants were georeferenced. Data on the vector control activities, such as spraying, were obtained from the FVS's Department of Environmental Surveillance and Disease Control.
We selected a sub-area of about 4000 km 2 of the most densely populated urban area of the municipalities and fixed the traps with similar distances (~500 m) between them and near the entrance to the residence. In total, 80 ovitraps were regularly placed near households in the urban area of Itacoatiara, while 90 ovitraps were placed in Tabatinga using a similar methodology. The traps consisted of 500-ml black polyethylene containers with wooden paddles (5 9 12 cm), fixed with metal clips, as the oviposition substrate and filled with 300 ml of water, as described by Gomes [9] . During the 52 epidemiological weeks of 2016, the number of eggs in each ovitrap was counted under a stereomicroscope and the number of eggs each week was recorded in a specific form. A field technician trained for this activity performed this work under the supervision of a municipal clerk of each municipality studied.
The relationship between egg positivity, egg density and the location of dengue cases was evaluated using two approaches: (i) based on the result of the nearest neighbour ovitrap and (ii) based on the results of the set of ovitraps within the influence area, defined as spatial lag of 300 m from the location of each case and control. The identification of the nearest neighbour ovitrap was based on the Euclidean distance between each trap and the case (or control). Two ratios were calculated for each of these approaches: (i) ratio of probability of a case of dengue having a positive nearest neighbour ovitrap as compared to probability of a control individual and (ii) the ratio of the density of ovitraps in the influence area of a case of dengue in relation to the density of a control individual. Thus, two probability ratios and two density ratios and their respective 95% confidence intervals were estimated. The positivity of ovitraps and egg densities were also considered in the time periods prior to the onset of dengue cases. One-week lag was used as time unit. Thus, the four ratios were calculated based on the positivity of ovitraps at 5 lag times (Figure 2 ).
The two ratios based on the nearest neighbour ovitrap approach were (i) positive nearest neighbour ovitrap probability ratio -PR PNNO and (ii) near neighbour ovitrap density ratio -DR NNO .
The positive nearest neighbour ovitrap probability ratio is defined as the coefficient between the probability of one dengue case having a positive nearest neighbour ovitrap in relation to a control individual. The near neighbour ovitrap density ratio is defined as the coefficient between the egg density of the nearest neighbour ovitrap of dengue cases in relation to a control individual.
Thus,
where D 1 (NNO) is the egg density of the nearest neighbour ovitrap of dengue cases, and D 0 (NNO) is the egg density of the nearest neighbour ovitrap of a control individual. The two ratios based on the influence area of the set of ovitraps located at a spatial lag of 300 m approach were (i) positive influence area ovitrap probability ratio -PR PIAO and (ii) influence area ovitrap density ratio -DR IAO .
The positive influence area ovitrap probability ratio is defined as the coefficient between the probability of dengue cases having a positive ovitrap at the influence area in relation to a control individual.
where Pr 1 (PIAO) is the probability of dengue cases having a positive ovitrap at the influence area, and Pr 0 (PIAO) is the probability of a control individual having a positive ovitrap at the influence area. The influence area ovitrap density ratio is defined as the coefficient between the mean egg density of the 'influence area ovitraps' of dengue cases in relation to a control individual.
where D 1 (IAO) is the mean egg density of the 'influence area ovitraps' of dengue cases, and D 0 (IAO) is the mean egg density of the 'influence area ovitraps' of a control individual.
The results of the ratios of the various temporal lags and their 95% confidence intervals are presented in graphs for each of the four measures of the study.
The secondary data obtained from the health information systems of the government of the state of Amazonas were processed to guarantee anonymity and confidentiality. All inhabitants of the houses that received the ovitraps were instructed with regards to the study and signed the Free and Informed Consent Form. The study protocol was approved by the Ethics Committee of the State University of Amazonas (Approval number: CAAE 34025414200005015).
Results
During the study period, 229 and 89 confirmed cases of dengue fever were reported in Tabatinga and Itacoatiara, respectively. The peak of dengue epidemic occurred between 4 and 20 epidemiological weeks in both municipalities, as shown in Figures 3a and c . The epidemic curve of dengue cases in Tabatinga and Itacoatiara shows the increase in the number of dengue cases in the first quarter of the year, although a smaller number of cases had been observed in the last quarter. The temporal distribution of positive ovitrap proportion was mostly constant throughout the year in Tabatinga, with an average of 15% of the positive ovitraps. Conversely, a high proportion of positive ovitraps between the 1st to 20th weeks of the year was noted in Itacoatiara (Figures 3b and d) . However, a comparative inspection of the epidemic curve and temporal distribution of trap positivity graphs ( Figure 3 ) does not clearly highlight the expected relationship between the occurrence of dengue and the presence of vectors.
As control 1 case, we selected 536 non-dengue cases in Tabatinga and 132 in Itacoatiara. Similarly, 56 control 2 cases in Tabatinga and 55 in Itacoatiara were selected.
Ovitrap positivity
In Tabatinga, because dengue cases were more likely to have a nearest neighbour positive trap when compared to controls, a spatial association between dengue cases and positive ovitraps was found, indicating that the presence of Ae. aegypti eggs influences the occurrence of dengue (Figure 4a and e) .
When influence area of dengue cases was assessed, probability ratios of ovitrap positivity higher than one were found in Tabatinga for all temporal lags (Figure 4) .
Ovitrap positivity probability ratio in Tabatinga, using control 1, was significantly associated with dengue cases for lag1, lag2 and lag4. Although we found an ovitrap positivity of the nearest neighbour device higher than one for some temporal lags, they were not statistically significant for control 2 ( Figure 4) .
In Itacoatiara, there was no statistically significant relationship between ovitrap positivity and dengue cases. Otherwise, ovitrap positivity had a higher probability of having dengue cases than the nearest neighbour for lag2 and lag4 when compared to control 2 ( Figure 5 ).
Egg density measure
When comparing cases to both controls 1 and 2 in Tabatinga, no associations between ovitrap egg density and dengue cases were found when assessed using nearest neighbour or dengue case influence area for any temporal lag (Figure 4) . The location of dengue cases was associated with egg density ratio of the nearest neighbour ovitrap and ovitrap within influence area when control 2 was used as comparative group for temporal lag2 and lag4 ( Figure 5) .
No association between egg density of the nearest neighbour ovitrap and location of dengue cases was found in Itacoatiara when cases were compared to control 1 for all temporal lags evaluated ( Figure 5) .
In Itacoatiara, when the locations of dengue cases were compared to that of non-vector-borne disease cases (controls 2), the influence of the positivity of the nearest neighbour ovitrap as well as those within the influence area was confirmed ( Figure 5 ).
In this municipality, the relationship between the egg densities of the nearest neighbour ovitrap and the occurrence of dengue was also observed. The same relationship was also noted when considering the egg density of ovitraps within the influence area for the comparison with the controls 2 ( Figure 5 ).
Discussion
In this study, we established the relationship between ovitrap positivity and occurrence of dengue in Tabatinga and Itacoatiara. Egg density of Ae. aegypti was also found to be associated with dengue occurrence in Itacoatiara. The temporal lag for ovitrap positivity was predominantly 15 or 30 days. The association between dengue cases and egg density for a 15-day time lag was detected for one of the case-control approaches.
Ovitrap surveillance, created in 1965 by Fay and Perry [10] , is considered a more sensitive method than larval surveys. It detects Ae. aegypti presence even in low densities where it would be more difficult and costly to conduct assessments using the larval survey method [7, 9] . The specificity of Ae. aegypti ovitraps is up to 98% [6] . Researchers who developed the method advocate that ovitraps can generate useful information on the spatial (presence or absence) and temporal (seasonal) distribution of Ae. aegypti as well as on other mosquitoes that breed in water containers. Our findings corroborate the hypothesis that ovitrap positivity is related to the occurrence of dengue.
The study of the causal relationship between mosquito abundance and dengue has been a challenge for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  42  43  44  45   Epidemiological week   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45   Epidemiological week   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50 Figure 4 Relationship between egg positivity, egg density and the location of dengue cases in Tabatinga in 2016.°Ratio point estimation; -95% CI. Control 1 comparison: (a) Positive nearest neighbour ovitrap probability ratio; (b) Near neighbour ovitrap density ratio; (c) Positive influence area ovitrap probability ratio; (d) Influence area ovitrap density ratio. Control 2 comparison: (e) Positive nearest neighbour ovitrap probability ratio; (f) Near neighbour ovitrap density ratio; (g) Positive influence area ovitrap probability ratio; (h) Influence area ovitrap density ratio. Figure 5 Relationship between egg positivity, egg density and the location of dengue cases in Itacoatiara in 2016.°Ratio point estimation; -95% CI. Under control 1 comparison: (a) Positive nearest neighbour ovitrap probability ratio; (b) Near neighbour ovitrap density ratio; (c) Positive influence area ovitrap probability ratio; (d) Influence area ovitrap density ratio. Under control 2 comparison: (e) Positive nearest neighbour ovitrap probability ratio; (f) Near neighbour ovitrap density ratio; (g) Positive influence area ovitrap probability ratio; (h) Influence area ovitrap density ratio.
researchers, even when different stages of life of the vector (adult, larvae, and eggs) are considered. Similarly, with the difficulty of establishing causal relationships between the localisation of dengue cases and the presence of positive ovitraps in the vicinity, studies on the correlation between the population of adult vectors and the occurrence of dengue have produced contradictory results. The relationship between mosquito abundance and the occurrence of dengue continues to be studied using several tools to measure the number of vectors in a region, probably due to the limitations of the techniques used. Degener et al. [11] , using MosquiTRAPs (Ecovec Ltda, Brazil) and BG-Sentinel (BGS) traps, evaluated the relationship between mosquito abundance and dengue incidence in Manaus, Amazonas. The authors found contradictory results, because there was positive correlation for BGS traps and negative correlation for MosquiTRAPs. The authors concluded that the BGS traps were able to better reveal the dynamics of the incidence of dengue in space. In summary, many studies failed to find a relationship between the presence of adult vectors and dengue illness mainly due to the problems of the level of data aggregation (time and space) in these studies. Although indices based on larval research are more widely used for vector surveillance worldwide, many studies aimed at identifying the spatial relationship between Ae. aegypti and dengue cases have failed to corroborate this causal hypothesis [12] . The dengue transmission areas were identified using the Geographic Information Systems located at local surveillance units of Itabora ı municipality in Rio de Janeiro; the local units also considered the association among the house infestation index, the disease incidence and sociodemographic indicators and showed that the increase in the vector density preceded the increase in incidence, and this was possibly mediated by the number of circulating serotype susceptible people [13] .
Pessanha et al. [14] conducted a city study in Belo Horizonte, Brazil, using ovitraps and larval indexes to evaluate the role of traps in predicting dengue epidemics. They used trap positivity indexes, egg densities and environmental indicators (temperature and rainfall) to predict the risk of dengue from 2002 to 2013. The results of this study indicate that egg traps and egg production rates have a higher capacity of prediction 2 months before the increase in the number of cases.
Ovitraps have also been recommended in the monitoring and impact assessment of vector control measures, such as insecticide application. Another important contribution of oviposition traps is the possibility of detecting dengue virus through transovarial transmission [15] . Costa et al. [16] identified the circulating DENV serotypes in larvae originating from eggs collected in ovitraps in four municipalities of the Amazonas state and suggested that transovarial transmission may be elevated in areas where the disease is transmitted, which may contribute not only to the maintenance of DENV in nature, but also to the amplification of the cases because the adult insects are born naturally infected. The authors suggested that collecting egg samples using ovitraps confirms the potential of these traps as a monitoring tool for the vectorial and viral populations, with the possibility of early detection of the circulation of the virus before reaching epidemic proportions, which may contribute to more efficient and effective control measures.
Melo et al. [17] sought to identify the relationship between the occurrence of dengue and the presence of vectors using spatial statistics for the detection of clusters in Belo Horizonte, Brazil. They used a spatiotemporal scan statistic [18] with cylindrical window that considered the number of events inside and outside, and with an expected number of events, the likelihood was calculated. The study findings indicate that vector clusters and the occurrence of dengue were associated. However, ovitrap has been found to detect the occurrence of dengue better than MosquiTRAP, both spatially and temporally. The authors concluded that ovitrap clusters probably intersected dengue fever clusters better than Mosqui-TRAP ones. Otherwise, ovitrap clusters were verified to occur more than 200 days before dengue fever clusters, whereas MosquiTRAP clusters preceded dengue fever clusters by approximately 80 days and are more temporally precise.
Considering that the vector remains active in the municipalities studied throughout the year, continuous surveillance and methods for vector control are required. Future studies on the variables contributing to the continuance of arboviruses in urban areas should be carried out to monitor vectors and circulating arboviruses and reduce the risks of epidemics in the Amazon region.
Sanchez et al. [19] conducted a case-control study using two geographical units for analysis, namely, blocks (units of approximately 50 houses) and neighbourhoods (each containing approximately 9 blocks). Any block or neighbourhood with at least 1 confirmed case was considered positive, while a control was defined as a block or neighbourhood without confirmed cases. House index and Breteau index mean that values were 'consistently, substantially and significantly higher' in blocks with dengue cases compared with control units. An odds ratio of 3.49 (P < 0.05) for dengue transmission was associated with the presence of a single positive container in a block; fifteen of the seventeen dengue patients lived in a neighbourhood where at least 1 block had a Breteau index > 4.
In Trinidad, Chadee et al. [20] compared retrospective routine entomological household data with concurrent entomological data taken from confirmed dengue households using a cardinal points approach (i.e., the 'index' house plus the four adjacent houses at its cardinal points). Chadee et al. found that significantly more (P < 0.001) immatures Ae. aegypti were collected during dengue case investigations than during the routine inspection and treatment cycles . The report also stated that pupae per person indices were higher, and significantly more adults emerged (as a function of total pupae count collected from household containers) at locations where dengue was confirmed at the index house compared with routine investigations.
Pham et al. [21] examined monthly dengue case data, vector larval indices and meteorological data from central Vietnam between 2004 and 2008. Although they found significant associations between all entomological indices and dengue cases by univariate analysis, only the HI and 'household mosquito index' (not defined in the paper), temperature and rainfall were significant after multivariate analysis.
In Venezuela, Rubio-Palis et al. [22] used a simple regression analysis to investigate correlations between vector indices, climatic variables and dengue incidence from 1997 to 2005. The results of the analyses indicated a significant relationship (R 2 = 0.9369) between the numbers of dengue cases, Ae. aegypti abundance (both immatures and adults), and rainfall. Acknowledging the retrospective nature of the study, the authors expressed caution in the predictive value of the findings. Moreover, another limitation was that entomological data were derived only from actual homes and neighbouring houses of confirmed dengue cases, but no data were collected from 'control' houses.
The current study has some limitations. In this work we assume that the probable site of infection was the residence of the reported cases. This assumption, although accepted by many researchers and presented in the Brazilian MoH guidelines [2] , can be refuted considering the characteristics of the population as age, sex and work activity. The discarded dengue cases (control 1) could be misdiagnosed or have other vector-borne (uninvestigated) diseases, therefore, the selection of controls having a nonvector-borne infectious disease (control 2) may represent the minimisation of this selection bias. The small number of observations (ovitraps and cases) may make it difficult to detect these spatial relationships with a satisfactory level of precision. The methodological approach used in the present study can contribute to improve the monitoring activities of Aedes vectors in the two municipalities studied and in other municipalities also affected by this same public health problem.
We conclude that dengue cases location are related to ovitrap egg positivity while a possible association not so evident may exist for egg density. The use of ovitraps distributed regularly in the urban area of the studied municipalities allowed the identification of potential local risk of occurrence of dengue cases. These findings indicate a potential for using ovitraps for vector control actions, but this should be further investigated. This strategy can strengthen vector-borne disease control actions due to the possibility of generating faster, more accurate information with less cost and a necessary structure when compared to other entomological monitoring techniques.
